produced milk and milk from other sources The Southeast is a net importer of milk and combine to produce some of the highest retail milk products. Milk must be imported from prices in the nation. other regions at certain times of the year.
and fluid milk processing and distributing with Class I pricing of RCN milk. Class I pricplants in the Southeast. If the technology is ing would require that the milk source for the not feasible and does not have economic immanufactured ingredients used in the reconpacts in these extreme cases, it is not likely to stitution process be identifiable, a practical be used elsewhere.
impossibility. Also, many states have laws prohibiting the sale of fluid milk products made POLICY SETTING from Grade B milk. Once again, the source of Economic regulation of the dairy industry is the ingredients would have to be identifiable extensive. There are 41 federal milk marketto ensure that the ingredients were made from ing orders for the United States which reguGrade A milk. While transportation cost savlate 81 percent of all Grade A milk (milk that ings would occur under Class I pricing of RCN meets health and sanitary requirements for milk, these would be offset somewhat by the consumption in fluid form). Milk is priced by relatively high cost of manufacturing milk into these orders according to use. Milk processed ingredient form and then reconstituting the and sold as a fluid product is assigned a Class product at its ultimate destination. Hence, a I use, milk used for perishable manufactured large part of the cost savings associated with products (cottage cheese, ice cream) is as-RCN milk comes from the lower raw product signed a Class II use, and milk used for storcosts associated with Class III pricing of the able manufactured products (butter, cheese) ingredients and from avoiding regulation unreceives a Class III designation. All class der the federal order. prices in federal orders are based on the price
In contrast, RO milk could easily be priced of Grade B milk in the Upper Midwest (M-W as either Class I or Class III under a northprice), which can only be used to produce storern order. The cost savings to southeast conable manufactured products.
sumers are obviously greater if RO milk is For each order, the Class I price is the M-W priced as Class III, and that is a decision which price plus a differential which is supposed to can be made by policymakers. However priced, reflect the added cost of producing Grade A RO milk, unlike RCN milk, can be integrated milk and the cost of transporting residual supinto current regulation with little difficulty. plies from the center of the production area in From a regulatory standpoint, RO milk reguthe Upper Midwest to consumption centers. lated under a federal order in the northern In practice, these differentials have been about states can be treated exactly the same as half the cost of transporting bulk milk. The whole milk which is shipped to a processor in differential added to the M-W price to obtain the Southeast for use in a fluid milk product. the Class I price is $1.40 for Chicago and $4.18 While transportation costs for RCN milk infor Miami. gredients are less than those for RO milk, the Producers in each order receive a blend price concentration and recombining costs for RCN which is equal to the sum of the class prices milk, which involve manufacturing the ingreweighted by the uses of all milk. In addition dients and then converting them back into fluid to minimum class prices that processors must form, are significantly greater than comparable pay for milk, over-order payments are made RO costs. Since excessive heat treatments are by processors in most federal orders to reimnot used in the RO process, taste differences burse cooperatives for the cost of obtaining between RO and fresh milk should be less persupplemental supplies and providing marketceptible than for RCN milk. There is also little ing services.
or no likelihood that Grade B milk would be The concept of concentrating milk prior to used in RO milk, unlike the case for RCN milk. long-distance shipment is not new. Studies of The cost and consumer acceptability advanthe economic feasibility of reconstituted (RCN) tages of RO milk suggest that it would domimilk have reported cost savings to consumers nate RCN milk, whether markets were reguin the Southeast as a result of substituting lated or unregulated. RCN milk for whole milk (Hammond et al.; Whipple) . Reconstitution involves using manu-ANALYTICAL MODEL factured dairy products (butter or butter oil
The Federal Milk Market Order Policy Simuand nonfat dry milk powder or condensed milk) lator (FMMOPS), which models the U.S. fedwith purified water to create a fluid milk proderal milk order system, was updated to a 1985 uct. In theory, the reconstituted product could base and used to analyze the impacts of RO be priced either as a Class I or Class III prodmilk (Babb et al.; Novakovic et al.) . It uses a uct. In practice, there are serious difficulties capacitated network flow algorithm developed by Bradley et al. to solve for least-cost moveRk = demand requirement at point k; ments of milk from production areas to procn = number of supply points; essing plants and then to final consumers. Usm = number of processing points; and ing this model, the optimal raw milk procureo = number of demand points. ment pattern is determined for conventional
The first constraint of the problem (la) enand RO milk supplies, and the consequences sures that the total amount of supply shipped of the introduction of RO milk for dairy farmfrom a given point cannot exceed the supply ers and consumers are assessed. ers and consumers alre assessed. aaleavailable at that point. The second constraint A network flow algorithm is an alternative (lb) requires that the quantity processed at means of solving the conventional transshipany plant cannot exceed the processing capacment problem in mathematical programming.
ity of the plant. The third constraint (c) en-A simple transshipment network can be repsures that the total quantity shipped to any resented by supply points, processing centers, demand point must be at least equal to the and demand points. These points are called demand requirement at that point. The fourth nodes and are connected by arcs. In a linear constraint (id) requires that the amount procprogramming context, the objective is usually essed at any plant cannot exceed the quantity defined as minimizing the total cost of moving shipped to that plant. Finally, the fifth conrequired quantities of product from the supstraint (le) requires that the quantity shipped ply points to consumption centers via processfrom any plant cannot exceed the amount proc- A = set of all defined arcs; N = set of all nodes; Cij = cost of moving raw product from supply c = cost along are k; point i to processing plantj; xk = amount of product moved along arc k; Xi = amount of raw product moved from point 1 k lower bound on arc k; and i to plant j; i to plantj;Uk = capacity of are k. Pj = unit cost of processing raw product at plant j; This formulation is equivalent to the stanYj = amount of product processed at plant j; dard representation of the transshipment probDjk = cost of moving finished product from lem. Note that each arc is defined by a pair of plant j to consumption point k;
nodes (tail, head). The primary direction of Zjk = amount of finished product shipped from flow is from the tail node to the head node. plant j to point k;
Here, the objective function of minimizing the Si = supply available at point i;
sum of assembly, processing and distribution Qj = processing capacity at plant j; costs is defined as minimizing the sum of total arc costs. The first constraint (2a) in the net-
The model is designed to handle disequiliwork formulation encompasses both the supbrium in the national milk market by allowing ply and the demand constraints (la and lc) of for governmental purchase of manufactured the standard formulation. For purposes of ilmilk products. Milk production in excess of lustration, consider the fact that a supply node commercial fluid demand is disposed of in the is a tail for some arcs but is a head for no arcs. manufacturing sector. In reality, there are Hence, when node i is a supply node, the conshort-run restrictions on shifts in raw and straint simply states that the product moving packaged milk sales among orders. These realong all the arcs emanating from a particular strictions are used when the focus of the renode must equal the supply at that node. Likesearch is on optimal adjustments over some wise, a demand node serves as a head but not time period. In this instance, the focus is on a tail. Hence, when node i is a demand node, the longer term or final adjustments that the constraint requires that the quantity of would obtain with the introduction of RO milk; product moving along all the arcs leading into hence, most restrictions were relaxed. the node be equal to the demand requirement Reverse osmosis was included in the model at that node. When node i is a transshipment by modifying the transportation cost on a given node, it serves as both a head and a tail. In set of arcs. Six RO centers were specified: New this case, the constraint merely states that the York-New Jersey, Eastern Ohio-Western quantity flowing into a transshipment node Pennsylvania, Tennessee Valley, Southern equals the quantity flowing out of that same Michigan, Chicago Regional, and Upper Midnode. Hence, this first constraint also encomwest. The transportation cost was reduced by passes the balancing constraints (Id and le) half on the arcs between the supply plants asof the standard formulation. The second consumed to have RO facilities and the processstraint in the network formulation (2b) defines ing centers in several southern orders. The upper and lower bounds for movements along southern orders specified to receive RO shipparticular arcs; hence, this constraint includes ments (when economically feasible) were the plant capacity constraint (lb) from the Southeast Florida, Tampa Bay, Upper Florida, standard formulation.
Georgia, New Orleans-Mississippi, Greater The network formulation requires that alLouisiana, and Texas. These arcs were chosen lowable arcs are predefined by the set A;
because the large distances implied that there hence, unrealistic linkages are not considered should be greater incentives to use RO milk. in the solution process. The problem is solved If RO movements are not feasible in these exusing a primal-simplex algorithm that is many treme cases, they will probably not be featimes faster than conventional linear programsible anywhere. The cost of RO processing and ming codes.
recombining is also included on these arcs. RO Total milk production in each production costs were determined by updating cost inforarea is partitioned into that part which is mation from Winchell and Hammond. shipped directly by farmers to processing plants (direct ship) and that which is collected RESULTS at a plant or reload station prior to shipment
The impacts of RO milk on participants in (supply plant). Supply plants must meet the fedthe Southeast federal milk orders were aseral order shipping requirement, which requires sessed using FMMOPS. First, a base run was a certain percentage of milk receipts to be made to establish performance in the absence shipped to processing centers within the same of RO milk. These results were then used for market order, otherwise they may ship to any comparing results under two scenarios when processing center. Supply plant and direct ship RO milk was available. In the first scenario, milk can move to processing centers or three the raw milk cost for RO milk was the Class I types of manufacturing centers, all of which may price for the federal order where the RO milk have capacity restrictions. The algorithm comoriginated. In the second scenario, the raw putes the disposition of total milk production milk cost was the Class III price. These two from all sources to satisfy total milk usage in pricing scenarios were chosen because they such a way that total costs for the order sysare the most likely alternatives and because ter are at a minimum. These dispositions also they were used in previous studies which exresult in minimum retail milk prices in the agamined the market impacts of butter-powder gregate. Total cost is composed of class prices reconstitution. Both scenarios assumed a perfor milk (raw product costs), transportation hundredweight transportation cost for RO cost for bulk and packaged milk, handling milk of 2.6 cents plus 0.15 cents per mile, which charges, processing costs, and retailing costs.
is equal to one-half of the unconcentrated raw 66 use to out-of-state manufacturing plants, but This order received small amounts of RO inalso include shifts of dairy farmers from procshipments when RO milk was available at essors to fluid plants regulated by other orClass III prices, but manufacturing capacity ders. Milk consumption refers to sales of fluid constraints made utilization of RO milk unmilk within the order, regardless of its source profitable because of the high cost associated (in-area sales). The producer blend price is the with disposing of milk in excess of fluid needs.
average price received by dairy farmers who supply plants regulated by the order. The fluid B ~ase Run yraw milk acquisition cost reflects the class FMMOPS uses data for 1985 to solve the prices, handling charges, and transportation transshipment problem for the next period, cost paid by processors. It is the cost of raw given the next period's prices for the differmilk assigned a Class I use at the plant locaent classes of milk usage. A base run was made tion. The retail price consists of raw milk costs, using 1985 prices and marketing conditions for processing costs, distribution costs, and retailpurposes of comparison with scenarios where ing costs. For this analysis, processing, disthe RO technology was available. The base tributing, and retailing costs do not change run assumed no RO milk was available, hanwith policy variable settings. Differences in dling charges for milk shipped from supply retail prices are thus the result of differences plants were equal to 40 cents per hundredin raw milk costs. weight, and per-hundredweight transportation
In the base run (Table 1) , results for the costs were 5.2 cents plus 0.3 cents per mile.
three Florida orders are reported in aggreRaw milk costs used in the study were federal gate. Most inshipments into Florida are direct order minimum class prices plus applicable ship from dairy farmers in nearby states, and over-order payments (effective class prices).
all outshipments are milk in excess of fluid The results of the base run closely correspond use to manufacturing plants in other states.
Inshipments are about 13 percent of all milk receive any shipments of RO milk. Georgia shipped to processors regulated under the experienced a small decline in the blend price Florida milk orders. The model suggests that ($0.07 per hundredweight) and Class I utilizait is cheaper to meet continuous annual shorttion (2.2 percentage points) because supply falls by using direct ship milk (362.6 million plant shipments of Class I milk to Florida were pounds). Seasonal and other supplemental replaced by RO milk shipments from northneeds of a temporary nature are satisfied by ern orders. However, packaged milk sales and shipments from supply plants regulated unretail milk prices in Georgia were unaffected. der other orders (12.7 million pounds). It is
The results for Florida under this scenario interesting to note that fluid raw milk costs are shown in Table 2 . Inshipments changed for Florida were approximately $1.50 per hunfrom direct ship and supply plant shipments dredweight higher than the other southeast of whole milk to shipments of RO milk from orders.
supply plants in Southern Michigan and EastFor Georgia, inshipments are a much smaller ern Ohio-Western Pennsylvania. As a result, percentage of total supply, accounting for less less milk production was regulated by the than one percent of total production. All inFlorida orders, and Class I sales assignments shipments are of the direct ship type (16.8 milshifted from Florida to the federal orders with lion pounds). For Georgia, unlike Florida, out-RO processing plants. Blend prices for dairy shipments exceed inshipments. Most of the farmers supplying the Florida milk orders deoutshipments go to out-of-state manufacturdined slightly because of lower Class I utiliing plants (159.3 million pounds), but some go zation, but the lower cost of raw milk for fluid to processing plants regulated under another use resulted in a decline in retail prices and a order (12.6 million pounds). For the New slight increase in fluid milk consumption.
Orleans-Mississippi order, no inshipments or
In sum, RO milk provided cost savings up outshipments were projected.
to the point where local production used for Clas I P g of RO Mk fluid purposes was displaced and therefore Class I Pricing ofRO Milk incurred transportation cost for movements The availability ofRO milk at effective Class I to distant manufacturing plants. The perprices from the source orders resulted in mahundredweight cost of transporting milk to jor changes in Florida with respect to the inout-of-state manufacturing plants was the shipments of raw milk. However, the other same as the transportation cost of raw milk southeast orders were not significantly afinshipments (5.2 cents + 0.3 cents per mile). If fected. In fact, Florida was the only area to more nearby manufacturing plant capacity had been available, RO shipments would have innot. Florida producers could prevent displacecreased and more local production would have ment of their milk by accepting a lower price. shifted from fluid use. The sensitivity of these It was found that a reduction of 35 cents in results under varying milk prices, transportathe Class I price was sufficient to make tion costs, and RO processing costs was exFlorida milk supplies competitive with RO amined. It appears that RO milk rather than milk under the scenario which assumed diswhole milk would be the least-cost source of posal costs were zero (Schiek and Babb) . supplemental milk supplies under a wide range of costs. of costs.
Class III Pricing of RO Milk A scenario under which Florida processors All of the southeast orders under considerapurchased milk from the cheapest source withtion were affected when RO milk was priced out regard to the cost of disposing of milk in as a Class III product. In many cases, the excess of Class I sales was analyzed by Schiek availability of RO milk at effective Class III and Babb. This situation was approximated prices resulted in substantial displacement of by setting the disposal cost for milk in excess locally produced milk. The consequences of of fluid needs at zero. In this case, RO milk inexpensive RO milk for the Southeast were displaced almost half of Florida production, lower Class I utilization and blend prices, blend prices declined $2.13 per hundredweight, greater levels of inshipments and outshipand raw milk cost declined 29 cents per hunments, lower fluid raw milk costs and retail dredweight. Some of the displaced milk was prices, and increased milk consumption. It shipped to manufacturing plants and some was should be noted that under the Class III pricshipped to processing plants regulated under ing scenario it was assumed that RO milk other marketing orders. Milk moving to procwould not be subject to down-allocation and essing plants in other orders essentially compensatory payments under federal milk switches markets and becomes a part of the marketing orders. The orders currently apply other marketing order's milk supply. In realthese provisions to any Class III product that ity, the cost of moving milk to out-of-state is used in the processing of fluid products. The manufacturing plants will be paid by producer effect of these provisions is to eliminate the cooperatives. The transportation cost for milk raw product cost advantages brought about moving to processing plants in other orders is by using Class III ingredients in fluid milk. assumed to be paid by the producers. In the Florida experienced the greatest level of RO other marketing orders that received displaced inshipments under this scenario, amounting to milk, Class I utilization and blend prices de-1.3 billion pounds or 57.8 percent of fluid milk dine because the total milk volume has inconsumption (Table 3) . A substantial amount creased while Class I (fluid) milk demand has of Florida milk was displaced as milk produc-tion fell by almost one billion pounds relative production fell by 425 million pounds and to base levels. The producer blend price fell Class I sales fell by 721 million pounds. RO inby $0.85 per hundredweight or 5.5 percent.
shipments amounted to 869 million pounds and Outshipments were split between those going actually exceeded milk consumption by 80 milto manufacturing plants (404 million pounds) lion pounds. Outshipments were 417 million and those going to processing plants regulated pounds with all of them going to other order under another order (562 million pounds). Toprocessing plants. The fluid raw milk cost fell tal outshipments increased by 836 million by 53 cents per hundredweight, and the retail pounds. The fluid raw milk cost fell by $0.94 milk price fell by 2.8 cents per half gallon. Milk per hundredweight (5.7 percent, and the reconsumption increased by 3.1 million pounds. tail price fell by 5.0 cents per half gallon. Milk
The large decline in the New Orleans blend consumption increased by 16.2 million pounds price, which is four times larger than the deor 0.7 percent.
cline in the fluid milk cost, bears further exGeorgia experienced similar results when amination. RO milk can be obtained by proc-RO milk was priced as a Class III product.
essors more cheaply than local milk supplies; Inshipments of RO milk amounted to just unhowever, the difference in raw milk cost from der 1.3 billion pounds or 88.3 percent of fluid the two sources is not great. Nevertheless, milk consumption. Milk production fell by 57 processors pick the cheapest source and purpercent, and Class I utilization declined as chase all their needs in RO form. Some of the Class I sales fell by 79 percent. The resulting local milk that was displaced by RO milk bedrop in the Georgia blend price was $1.03 per comes regulated under nearby orders and is hundredweight or 7.2 percent. Total outshipused for their processing needs. Milk producments increased by 965 million pounds with tion in New Orleans falls, but the Class I utilimost of these going to processing plants reguzation declines dramatically. Hence, the blend lated under other marketing orders. Fluid raw price falls to near Class III price levels, while milk costs fell by $0.73 per hundredweight, the fluid milk cost declines by a much smaller and the retail price fell by 3.8 cents per half amount. gallon. Milk consumption rose by 9.3 million
The transportation cost associated with movpounds or 0.6 percent.
ing displaced milk under this scenario is the The New Orleans order experienced the same as when RO milk is priced as a Class I greatest drop in producer prices. The blend product. Also, the Class I utilizations and blend price fell by $2.08 per hundredweight as milk prices decrease in those marketing orders 2.7 percent of total RO shipments. Tennessee's shipments amounted to only 6.4 percent of its When RO milk was priced as Class I, Florida base production and were split between the was the only recipient of RO shipments. Of Georgia and New Orleans orders. the total RO shipments amounting to 413 mil-RO shipment receipts from all sources were lion pounds under this scenario, 121 million a major part of the milk supply in the Southpounds originated in the Southern Michigan east under this scenario. As a proportion order, while 292 million pounds came from the of base level production, RO milk accounted Eastern Ohio-Western Pennsylvania order.
for 47.1 percent in Florida, 69.5 percent in Since neither of these shipments represents a Georgia, and 79.3 percent in New Orleans. large proportion of their total supplies, effects on prices and utilization in the source orders were minimal. were minimal.
Impact on Blend Prices The sources and destinations of RO milk and Fluid Milk Costs shipments when RO milk is priced as a Class When RO milk was priced as a Class I prod-III product are shown in Table 4 . The New uct, the impact on blend prices in the destinaYork-New Jersey order was the only RO suption orders was not substantial (Table 5) . plier for Florida and the major supplier for Florida's blend price fell by 13 cents per hunGeorgia. The New York-New Jersey order dredweight. Georgia's blend price also falls 7 accounted for 60 percent of all RO shipments cents per hundredweight because receiving under this scenario, and these RO shipments displaced Florida milk lowers the Class I utiliwere equal to 17.9 percent of the total base zation. In the source orders, the relatively production in that order.
small volumes involved lead to only a 4 cent The Southern Michigan order made some per hundredweight increase in the blend price RO shipments to Georgia, but most of its shipin Southern Michigan and no increase in the ments (85 percent) went to New Orleans.
blend price in Eastern Ohio-Western PennSouthern Michigan's RO shipments accounted sylvania.
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The impact when RO milk was priced as a processing and transportation may be higher Class III product was considerably greater or lower than the mean values used in this (Table 5) . Blend price decreases in the southstudy, depending in part on the size of the east orders were substantial. No blend price market for RO milk. Based on the study rechanges were predicted in the source orders suits and assuming Class I pricing of RO milk, under this scenario, as shipments to Florida the size of the market may not be large. Health priced at Class III merely replaced existing and sanitary regulations and other state and Class III uses. However, the model did prefederal laws and regulations may also limit the diet some movements of milk from other ormarket for RO milk. Also, the simulated reders into RO shipping orders.
sults indicate what might happen without adWith Class I pricing of RO milk, fluid justments to the Class I prices received by raw milk acquisition costs are affected only in producers in the southeast orders. Such reFlorida. Hence, Florida is the only location sults are not likely to hold because downward where consumers benefit directly from the new adjustments in the prevailing Class I prices technology. The fluid milk cost in Florida decan be expected when transportation costs are dines by 8 cents per hundredweight or 0.5 dramatically reduced by RO. percent (Table 6 ). Since fluid milk cost is only When RO milk is priced as Class I, the Class I one component of the retail price, the percentprice reductions necessary to make raw milk age decrease in retail price is even smaller.
in the destination orders competitive with RO Thus, the consumer benefit is measurable, but milk are relatively small, about $0.35 per hunnot large. dredweight in Florida (Table 7) . The blend When RO milk is priced as Class III, the price reductions caused by the availability of fluid milk cost is affected significantly in the RO milk at Class I prices were small, $0.08 Florida, Georgia, and New Orleans orders. and $0.13 per hundredweight in Georgia and Percentage decreases in fluid milk costs Florida, respectively. ranged from 5.7 percent in Florida to 3.5 perFleming examined the impact of Class I priccent in New Orleans ( If RO milk is priced as a Class I product, it about $1.30 per hundredweight to compete may be one of those rare cases where no group with RCN milk. Under such a scenario, he preis adversely affected, even in the short run. dieted that the producer blend price would fall If Class I prices are reduced to a level that by $1.33 per hundredweight. Whipple also preprovides incentives for the use of RO milk on dieted that Class I prices and blend prices in a supplemental basis only, the reduction in the Mississippi-Louisiana region would decline Class I price may be offset by lower transporby $0.47 and $0.63 per hundredweight, respectation cost for RO milk. In this instance, protively. The magnitude of the price reductions ducers' welfare remains essentially unchanged required to make local milk competitive with while consumers' welfare is improved as a con-RCN milk and RO milk when these products sequence of lower retail milk prices. While the are priced at Class III is indicative of the cost benefits of the RO technology may not be huge, advantages to processors of avoiding federal they do appear to be significant. order regulation.
In summary, if RO milk is priced as a TIMPLICATIONS Class I product, producers are not dramatiIMPLICATIOiNS) cally affected, consumers experience small It seems unlikely that RO milk would be gains, and only the procurement pattern for priced as a Class III product, unless policyFlorida is altered significantly. When RO milk makers dramatically altered the federal order is priced as a Class III product, producers exclassified pricing system by reducing Class I perience substantial losses from lower farm differentials to some small amount over the prices, consumers' gains are substantial beClass III price. Some federal orders, such as cause of lower retail prices, and the raw milk Florida, already have provisions that would procurement pattern is altered radically in permit RO milk to be treated as a Class I most of the southeast orders.
